Objective-To describe the 5-year cumulative incidence of cardiac dysfunction in human immunodeficiency virus (HIV)-infected children.
Conclusions-During 5 years of follow-up, cardiac dysfunction occurred in 18% to 39% of HIV-infected children and was associated with an increased risk of death. We recommend that HIV-infected children undergo routine echocardiographic surveillance for cardiac abnormalities.
Human immunodeficiency virus (HIV) infection continues to be an important cause of morbidity and mortality in children. We designed the Pediatric pulmonary and cardiovascular complications of vertically transmitted human immunodeficiency virus infection (P 2 C 2 ) HIV study to determine the incidence of heart and lung abnormalities in HIV-infected children. This study began in 1990 and data collection continued through January 1997. Our group previously reported that over the first 2 years of observation, 10% of HIV-infected children either had congestive heart failure (CHF) or required treatment with cardiac medications or both. 1 In addition, 20% of HIV-infected children had cardiac dilation or dysfunction. 1 We also reported that over the entire 6-year observation period of our study, cardiac abnormalities were the underlying cause of HIV-related death in 11 (11.8%) of 93 children and were a contributing cause in an additional 22%. 2 Furthermore, baseline cardiac dysfunction was a risk factor for death independent of CD4 count, wasting, and other predictors of death. 3 Our previous report detailing the incidence of cardiac complications in HIV-infected children was limited to the first 2 years of observation in the P 2 C 2 HIV study. 1 The majority of other published studies of cardiac dysfunction in HIV-infected children have been crosssectional or short-term descriptions. [4] [5] [6] [7] [8] Because HIV infection often becomes a chronic condition, information regarding the long-term outcomes of HIV-infected children is needed. The purpose of this report is to provide the 5-year incidence of cardiac dysfunction in HIV-infected children enrolled in the P 2 C 2 HIV study and the effect of cardiac abnormalities on their survival.
Methods

Study Design
A total of 805 children born to HIV-infected mothers were studied at 10 hospitals in 5 centers (see Appendix). Each center's institutional review board approved the study, and patients were enrolled after informed consent was obtained. 9 
Study Cohorts
Group I included 205 vertically HIV-infected children. They entered the study between 1990 and 1993 at a median age of 1.9 years (range, 0.1-14 years), and 89% had symptomatic HIV infection by Centers for Disease Control and Prevention (CDC) classification 10 at enrollment. Group II (neonatal inception cohort) subjects were enrolled during fetal life (n = 432) or before 28 days of age (n = 168) and entered the study between 1990 and 1994. In contrast to group I children, the final HIV-infection status of group II children was unknown at the time of enrollment in the study.
Documentation of HIV Status
In group I children, HIV status was documented by a positive HIV antibody test or a positive HIV blood culture. In group II, HIV infection was defined as 2 positive HIV blood cultures. Approximately half of the group II HIV-uninfected cohort was randomly selected to remain in the study as a control group. 9 Infants who died (n = 9) or were lost to follow-up (n = 35) before their HIV status could be determined were classified as "indeterminate," and their data were not used in this report.
Cardiac Studies
Children underwent 2-dimensional echocardiographic and Doppler studies every 4 to 6 months. They also had a chest radiograph every 12 months. Echocardiograms were performed according to a protocol in 10 pediatric cardiology laboratories at the 5 centers as previously described. 1, 11, 12 A total of 5026 echocardiograms were performed and 4732 were measured at the central echocardiography laboratory at the Boston Children's Hospital. We excluded left ventricular (LV) measurements of 109 echocardiograms from 72 children who had segmental wall abnormalities or abnormal interventricular septal motion because these conditions can affect the LV function measurements. We excluded function studies of 3 children with congenital heart abnormalities. LV measurements were converted to Z scores. 11, 13 Tachycardia on the echocardiogram was defined as a heart rate on the 2-D echocardiogram with a Z score >3. 13 The diagnosis of CHF was determined by a pediatric cardiologist at each center and was based on the patient's clinical findings. A study protocol modification was made in March 1994, requiring that children undergo a standardized P 2 C 2 HIV study physical examination by a pediatric cardiologist when a noninvasive test showed signs of an abnormality or if the examination was clinically indicated. Some children had echocardiographic abnormalities of LV size and function without a clinical diagnosis of CHF and were treated with cardiac medications (digoxin, furosemide, spironolactone, captopril, enalapril, dobutamine, or nifedipine). For the purposes of this study, a child was considered to have a cardiac impairment if he or she had LV fractional shortening (LVFS) ≤25% after 6 months of age, CHF, or if the child was being treated with cardiac medications. Chronic cardiac impairment was defined as evidence of cardiac abnormality found on testing separated by at least 3 months. The cutoff of LVFS ≤25% was chosen because this is below the lower limits of normal for children (36 ± 4%; mean ± SD) 14 and because this level was associated with clinical signs of CHF in a separate group of HIVinfected children. 15 The presence or absence of cardiomegaly on chest radiography was noted by a pediatric radiologist. 16 Cardiomegaly was not formally defined by the study radiologists, who followed standard terminology defining cardiomegaly as a cardiac width >50% of the cardiothoracic ratio on frontal examination 17 and slightly more in a neonate on a supine film. 18 
Definitions of HIV-1 Disease Progression
We defined a rapid progressor as an infant who, during the first year of life, had an AIDSdefining condition (other than lymphoid interstitial pneumonitis/pulmonary lymphoid hyperplasia), severe immunosuppression (CDC immunologic category 3), 10 or both. 19 A child who did not have either of these conditions was considered a nonrapid progressor. For those who died (n = 11) or were lost to follow-up before 1 year of age (n = 3), the group assignment was made with available data.
Statistical Analysis
The prevalence of complications at the initial cardiac study among the group I children was summarized through the use of proportions. After excluding the prevalent cases, the 5-year cumulative incidence rates for each complication were obtained from Kaplan-Meier analyses. Similarly, the cumulative incidence rates for cardiac complications at 5 years of age were calculated for HIV-infected and uninfected infants from the neonatal cohort (group II). Complication rates between HIV-infected and uninfected children were compared by means of log-rank tests. Incidence rates were also calculated by disease progression category (rapid and nonrapid progressors) for both cohorts and compared with log-rank tests. Statistical tests were 2-sided. A P value ≤ .05 was considered statistically significant.
Kaplan-Meier analyses were used to estimate group I mortality rates after the diagnosis of CHF, CHF and/or treatment with cardiac medications, and cardiac impairment. To estimate the relative risk of death and to examine the temporal relation between cardiac abnormalities and death, we included each measure of cardiac abnormality as a time-dependent covariate (yes or no) in a Cox regression model of time to death. This model was fit separately for each of the 3 measures of cardiac abnormality. Estimates of risk were also adjusted for disease severity using CD4 T-cell counts as a time-dependent covariate in the Cox model. Additionally, Kaplan-Meier estimates of cumulative mortality rates for children diagnosed with CHF and for children without a diagnosis of CHF were compared by means of the logrank test. Cumulative mortality rates were also compared between children with, and those without, cardiac impairment.
Complication rates per 100 child-years and 95% CIs were estimated with an exact method based on the Poisson distribution when fewer than 15 events occurred per group. 20 When more than 15 events occurred per group, a Poisson approximation was used. 21 Rates were compared by using an exact test for comparing 2 Poisson-distributed events. 20 
Results
Demographics
Group I consisted of 205 HIV-infected children of whom 89% had symptomatic HIV infection at enrollment. 1, 9 Of the 600 live-born infants in group II, 93 were HIV infected, 463 remained uninfected, and 44 had indeterminate HIV status.
Cardiac Size and Function (Group I, Older Children)
After excluding prevalent cases, the cumulative incidence of LV dysfunction (LVFS, 19%-25%) after 5 years in the study was 28.0% (Table I) . Cardiomegaly (LV end-diastolic [LVED] dimension Z score >2) was seen in 21.7% after 5 years. Cardiomegaly on chest radiography was noted in 39.0% after 5 years of follow-up.
Cardiac Size and Function (Group II, Neonatal Groups)
The 5-year cumulative incidence rate of LVFS between 19% and 25% was 9.3% in the HIVinfected neonatal group compared with 2.9% in the uninfected children (P = .02; Table II ). The 5-year incidence rates of LVED and LV end-systolic (LVES) dilation were higher in HIV-infected children compared with HIV-uninfected children. The 5-year cumulative incidence rate of cardiomegaly on chest radiography was 51.3%.
Other Cardiac Abnormalities
In group I, the 5-year cumulative incidence of a pericardial effusion (≥5-mm diameter) was 2.8%. The 5-year cumulative incidence of an effusion (≥5 mm) was 5.4% in the group II HIV-infected children versus 0.9% in the uninfected children (P = .05). No episodes of tamponade occurred in either group.
In group I, the 5-year cumulative incidence of Doppler evidence of mitral valve regurgitation was 8.3% and of tricuspid regurgitation was 18.6%. Valve regurgitation was rare in group II, and differences in rates between the infected and uninfected group II children were not statistically significant.
Congestive Heart Failure
Two group I children had CHF at enrollment and 19 additional children had CHF diagnosed during the first 5 years of follow-up. The 5-year cumulative incidence rate of CHF in group I children was 14.0%. The median age at diagnosis of CHF in group I was 53 months (range, 8-168 months). In group I, an additional 28 children received cardiac medications for a diagnosis of cardiomyopathy or LV dysfunction (n = 24) or hypertension (n = 4), without a specific diagnosis of CHF. The 5-year cumulative incidence of CHF and/or treatment with cardiac medications was 28.8% (Table I ). The most commonly used cardiac drugs were digoxin (n = 35) and furosemide (n = 27).
In the group II infected children, 4 cases of CHF occurred and the 5-year cumulative incidence was 5.1%. In group II, an additional 5 HIV-infected children received cardiac medications without a specific diagnosis of CHF: 4 had cardiomyopathy or LV dysfunction and 1 had hypertension.
Cardiac Abnormalities and Death
In group I children, the 5-year cumulative death rate from all causes was 35.4% (95% CI, 28.3-42.6). Of the 22 group I children with CHF, 17 died, and cardiomyopathy was the underlying or contributing cause of death in 8. The cumulative mortality rate 1 year after the initial diagnosis of CHF was 52.5% (Fig 1) . After excluding the 14 prevalent cases (7.0%), the 5-year cumulative incidence of cardiac impairment was 39.1% among group I children. The cumulative mortality rate 18 months after the identification of cardiac impairment was 46.7% (Fig 2) .
The relative risk of death after cardiac impairment in group I children was 8.5 (95% CI, 5.2-13.9, Table III ). These relative risks increase to 12.6 for children with the diagnosis of CHF or the use of cardiac medications to 14.6 for patients with CHF alone. The risk of death after CHF remained elevated even after adjustment for severity of HIV disease with the use of CD4 T-cell counts (adjusted relative risk = 5.7 [95% CI, 3.1-10.3]; P < .001). In the group I children with CHF, the 4-year mortality rate was 59.1% compared with 25.3% in the children without CHF (P < .001; log-rank test). The 5-year cumulative mortality rate in group I children with cardiac impairment was 56.9% compared with 22.8% in those children without cardiac impairment (P < .001; log-rank test).
In the group II cohort, the 5-year cumulative incidence of cardiac impairment was 17.7%. The 5-year cumulative death rate from all causes was 32.7% [95% CI, 22.3-43.1] in the HIV-infected children compared with 1 death in the 463 uninfected children. Three of the 4 group II children with CHF died during the 5-year observation period. Cardiomyopathy was the underlying or contributing cause of death in 1 child.
Chronic or Recurrent Cardiac Abnormalities
Many children with cardiac impairment had >1 notation of cardiac dysfunction. A total of 83 children (71 in group I and 12 of the infected in group II) had 267 notations of cardiac impairment. Chronic cardiac impairment was noted in 43 of 83 children; 19 had 1 and 24 had ≥2 notations of chronic impairment. Twelve of 43 children died within 3 months of the notation of chronic cardiac impairment. These data suggest that cardiac impairment was not merely a transient finding and identifies a subset of children at increased risk for death.
Incidence of Cardiac Abnormalities in Rapid Progressors
In group I, the 5-year incidence of LVFS ≤25% was 35.3% in the rapid progressor group (n = 71) and 23.8% in the nonrapid progressor group (n = 134; P = .11). The incidence of increased LVED dimension was 31.6% (95% CI, 17.4-45.8) in group I rapid progressors compared with 17.0% (95% CI, 8.9-25.1) (P = .01) in group I nonrapid progressors. Group I rapid progressors had increased mortality rates as well as increased rates of CHF and cardiac impairment compared with nonrapid progressors (Table IV) .
In group II rapid progressors (n = 45), the 5-year incidence of LVFS ≤25% was 20.6% (95% CI, 6.8-34.4) compared with 2.4% (95% CI, 0-7.2) (P = .01) in nonrapid progressors (n = 48). The incidence of increased LVED dimensions was 20.7% (95% CI, 5.7-35.7) in the group II rapid progressors and 2.5% (95% CI, 0-7.3) (P = .02) in the nonrapid progressors. The incidence rates for death and repeated episodes of cardiac impairment were also higher in the rapid progressors compared with the nonrapid progressors (Table IV) .
Physical Examination
Data were available from 61 group I and 18 group II HIV-infected children who had a cardiac examination under the P 2 C 2 HIV Study protocol. Conditions noted at the initial examination in group I children included fatigue (31%), inappropriate weight gain (21%), exertional dyspnea (20%), feeding difficulties (16%), and excessive perspiration (12%). Physical findings included hepatomegaly (30%), systolic murmur (30%), and rales (10%). Among 13 group I children who were referred specifically because of CHF, fatigue was noted in 67% and exertional dyspnea in 33%. Physical findings in the CHF group included hepatomegaly (62%), systolic murmur (46%), and rales (23%).
Discussion
Our study shows that cardiac dysfunction occurs frequently in children with HIV infection and that these children have cardiac abnormalities ranging from asymptomatic cardiac dilation to severe CHF. The relative risk of death during the 5-year follow-up period in children who had cardiac impairment or CHF was 8.5 to 14.6 times higher than in the children without these complications. Our study also shows that CHF and cardiac impairment are important risk factors for death in HIV-infected children, extending our previous work [1] [2] [3] and confirming an association noted by other investigators. 5, 7 The rates of death and cardiac complications were highest in the rapid progressor group, which suggests that this group is at increased risk.
We expected the overall rates of cardiac abnormalities to be higher in group I children who were older and sicker than the newborn cohort. On enrollment in the study, most group I children were immunodeficient and cardiac impairment was already present in 14 (7%) of 201 children. Heart failure developed in 20 children, and an additional 37 were treated with cardiac medications or had low LVFS. The overall rate of cardiac dysfunction in group I may have been overestimated because of possible selection bias at enrollment. In comparison, group II infants were enrolled because of their in utero exposure to HIV and before their HIV status was determined. In this neonatal cohort, the 5-year incidence of CHF was 5.1% and the 5-year incidence of LV dysfunction was 10.7%, values similar to the prevalence rates in the group I cohort. The data from this unbiased sample (group II neonatal cohort) suggest that our study provides reasonable estimates of the rates of cardiac dysfunction in HIV-infected children.
Other estimates of rates of cardiac dysfunction in HIV-infected children, which are mostly reports from single institutions and cross-sectional in nature, range from 1% to 40%. 5, 22, 23 In our prospective multicenter study, the 5-year cumulative incidence of cardiac dysfunction ranged from 18% to 39% of HIV-infected children.
On the basis of our study design of frequent cardiac testing, we probably identified all children with chronic cardiac dysfunction. We may have missed children with cardiac decompensation that developed shortly before death or children whose families withdrew active medical support before the child's death. Although the clinical diagnosis of CHF was not defined by the study protocol, detailed studies on a small subset of children with CHF suggests that they had physical signs that are typical of heart failure in children. A potential limitation of the study is the fact that we excluded echocardiograms from children with interventricular septal and LV segmental wall abnormalities because of the inaccuracy of Mmode measurements in children with those conditions. Because it is possible that HIV infection may cause segmental wall abnormalities, future studies using other diagnostic techniques will be needed to assess the degree of cardiac dysfunction in this subset of children.
The majority of patients in this study were treated with a wide variety of antiretroviral agents available between 1990 and 1996 or intravenous immunoglobulin. 2 Few received the newer antiretroviral agents such as protease inhibitors. The effect of these new agents on the progression of HIV disease has been encouraging, and many children's symptoms decrease while they are taking these new medications. However, some HIV-infected children continue to have evidence of cardiac dysfunction even with an undetectable HIV viral load. The applicability of our data to patients on new regimens with protease inhibitors is unknown, and it remains to be seen if the incidence of cardiac dysfunction will change with new therapies.
The cause of HIV cardiomyopathy is unknown and probably is not due to any one single mechanism. 24 Several isolated reports have described the HIV virus in myocardial or pericardial tissue, 25, 26 whereas others have proposed that HIV cardiomyopathy may be related to antiretroviral medications. 23, 27 Cardiomyopathy in HIV infection may be due to a coinfection from a second virus or pathogen and may not always be a direct effect of the HIV virus. 28, 29 On the basis of our findings, we recommend that all HIV-infected children have a 2-D echocardiogram at the time of diagnosis to determine intracardiac anatomy and baseline cardiac function. Children who have symptoms of heart failure or unexplained or prolonged respiratory disease should undergo cardiac evaluation and ultrasonography. Children with heart dysfunction should be followed as clinically indicated. Asymptomatic HIV-infected children should undergo routine echocardiograms every several years. Children who are symptomatic from their HIV disease should have surveillance echocardiograms on a yearly basis. Because of the higher rates of cardiac abnormalities in rapid progressors, this group may need more frequent testing.
The efficacy of cardiac treatment has not been formally studied in HIV-infected children. Because of the ominous prognosis after diagnosis of CHF in our series, we suggest that heart failure should be aggressively treated and that protocols should be developed to determine the optimal care for these patients. HIV-associated cardiomyopathy in adults has a much worse prognosis than other causes of cardiomyopathy. 30 With optimal treatment of the HIV infection and attention to the treatment of CHF, we may be able to lower the high mortality rates seen in these children. Cumulative mortality rates and 95% CI after the initial diagnosis of CHF (17 of 22 died). Cumulative mortality rates and 95% CI after identification of cardiac impairment (41 of 71 died). <.001
